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GENERAL 


Any attempt to understand tlie inechanisro of a chemical 

process requires knowledge of elementary processes 

involving atoms ^ molecules and ions that participate 

simultaneously or consecutively in producing the observed 

1 

overall reaction . Kinetics ^ a branch of physical 
cliemistry^ is an important and effective tool to deal with 
the role of all factors which may influence the velocity of 
a chemical reaction under investigation* The observed 
effect in the rate of the reaction is explained in terms of 
reaction steps, called reaction meclianisiii* 

Chemical reactions of wider application have attracted 
the attention of several scientists since long period for 
showing their interest in evolving or suggesting the 
meclianism of such reactions* The scientists engaged in such 
endeavour have employed the kinetic observations gathered 
ill their studies to achieve their aims to large extent* 
Their interest in such studies is based on the vast 
applications of such reactions in' several fields such as 
industries, agricultural problems and medicinal zones* For 
a chemist the importance of a kinetic study lies in the 
fact that by' understanding the dependence of the various 
reactions on different reaction variables such as 
concentrations of various species involved in the chemical 
process, temperature, solvent dielectric constants, ionic 


strength of the mediuBi, solvent isotope etc*, one can 





control the course of formation of products of a chemical 
reaction with such parameters. Thus a researcher in this 
field can find out the conditions required for favouring a 
desired product. A knowledge of the mechanism by which the 
reactants are converted in to products is of great value 
and the study of kinetics of the reaction coupled with 
other techniques offers one of the most satisfactory and 
successful ways for obtaining information about the path 
ways involved in a particular reaction. The present 
interest of chemists in kinetics is due to precise and 
careful interpretation of kinetic data collected under 
different conditions. The numerous scientific publications 
of difficult and complicated reactions have helped in 
acquiring further developing confidence in researchers. 
The scientists with such an amount of confidence have been 
able to solve many difficult reactions mechanism. 

The most thoroughly probed reactions in solutions from 
kinetic points of view have been redox systems. It is 
customary to represent generally the redox reactions as 
electron transfer reactions in inorganic chemistry while 
transfer of atoms or ions is involved in most of the 
organic redox systems. The presence of a considerable 
solvation barrier formed by the surrounding water molecules 
around the ions has ruled out the direct electron jump from 
the reactant to oxidant molecules in solution, while during 
oxidation-reduction process the transfer of atoms or ions 
between the species involved is supported by experimental 
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facts. The mechanism based on such transfer of atoms or 
ions seems to be quite reasonable. 

The studies of radioactive exchange between two species 
in different oxidation states involving no net chemical 
reactions also support the mechanism of transfer atoms or 
ions . 

Thus oxidation process is accompanied by transfer of 
hydrogen species such as hydrogen atom or hydride ion but 
not the proton, while the transfer of oxygen species such 
as oxygen atom but not oxide or hydroxide ion and transfer 
of chlorine species such as chlorine atom or chlorinium ion 
but not chloride ion brings about reduction. Although in 
Biany inorganic redox systems electron transfer alone has 
been reported to cause a change in the oxidation state of 
donor and recipient, but recent reports indicate that 
electron transfer is by no waves the only favored route 
used by such powerful oxidants as permanganate ion and 
chromic acid. Thus kinetics provides a very interesting 
tool to identify the routes or paths of reactions and is 
time dependent . 

In order to elucidate the satisfactory mechanism of 
reactions in solution, considerable informations are 
required. These informations can be collected by studying 
the effect of several factors that may or may not influence 
the rate of the reactions. If kinetics is taken as basic 
tool for the study of mechanism of such reactions, then one 
important factor is the order of the reactions with respect 
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to all possible species involved in the chemical reactions. 

3 

The studies of effect of ionic strength of the medium 

effect of solvent^ and effect of variation of dielectric 
5 

constant of the medium and temperature variation effect on 

the rate of the reactions are also important information 

which guide in evolving a suitable and convincing mechanism 

of the reactions. The structures and identifications of 

intermediates and other informations about them and use of 

6 

isotopic method immensely help in establishing the real 

reactions routes followed in a chemical reaction. Finally, 

on the basis of such above mentioned informations, the rate 

law is derived with the help of suitable possible 

assumptions and thus better and clear insight of the 

mechanism of the chemical reaction is exposed. 

7 

Bomford and Trapper have discussed a detailed account 

of a large number of familiar and less familiar redox 

reagents in a recent publications. In another publications, 

8 

Berke and Zyka have also discussed several less familiar 

and newer redox titrants . The authenticity of the proposed 

mechanism on the basis of aforesaid informations is, 

further, strengthened by isolation, characterisation and 

identification of the final reaction products it is thus 

possible to visualise many intermediate products which are 

although very reactive but at the same time short lived. 

The existence of such valuable short lived intermediates or 

free radicals can be demonstrated by the addition of 

9 

radical traps or scavengers such as allyl acetate, vinyl 




monomers which readily combine with the free radicals. 

These free radicals can also be identified by informations 

10,11 

obtained from electron paramagnetic resonance (EPR) 
studies . 

The oxidising and reducing capacity of a compound is 

often determined by its redox potential from which the 

knowledge of free energy available for a redox reaction can 

be obtained. However, this knowledge is not ultimate as 

there are several other factors which affect the rate of a 

reaction. In recent studies it is reported that an increase 

in electronegativity causes reduction while an increase in 

electropositivity brings about oxidation. Thus oxidation 

and reduction processes are compliffientai'y to each other and 

these processes take place simultaneously. 

12-43 

Recently, systematic reports on kinetics and 

Biechanism of several redox processes involving newer redox 

titrants have been made. The detailed investigations on a 

number of reactions catalysed by silver (I), copper (II), 

22 

Osmium (VIII) and colloidal silver have been reported . A. 

recent study has been reported on the kinetics of 

oxidation of some <-hydroxy acids by chloramine-T using 

25 

osmium tetroxide as catalyst. Several aliphatic aldehydes 
and reducing sugars have been used as substrates for 
chloramine-T oxidation kinetics in alkaline media. Agrawal 
and Mushran have also discussed the oxidation of 

Hexacyanoferrate (II) by chloramine-T in acidic media. 
Recently Mehrota and Mushran have investigated the 
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mechanistic steps in the oxidation of monohydric primary 
and secondary alcohols by chloramine-T in acidic media with 
and without the use of osmium tetroxide as catalyst. 






1.2: CHLORAMINE-T AC OXIDANT 


Chloramine-T is known as sodium salt of N-chloro-p- 


toluenesulphonamide . It is less familiar but a very potent 
42-44 

oxidising agent both in alkaline and acidic media. A 


:lose survey of literature reveals that chloraniine-T has 


been employed for the determination of numerous inorgania 


and organic substances . Although much work has been quoted 


literature on this compound used as oxidant but still 


there is much scope to study the kinetics and mechanism of 


oxidation of various reducing substances using different 


kinds of catalyst with this oxidant both in alkaline and 


icidic media. Keeping this aim in mind, the present work 


envisages t 


he investigation on the kinetics and mechanism 


)f oxidation of a few cycloalcohols with chloramine-T using 


osmium tetroxide as catalyst in alkaline media and further. 


an attempt has been made to establish the mechanism and 


spell 


out the various intermediate steps involved in such 


reactions . 


The aqueous solutions of chloramine-T if stored in dark, 

45 

do not change their strength for several months and hence 


are stable, 


It has been observed that solutions become 


cloudy due to slow decomposition with the formation of 

46 

chlorinated sulphonic acids in the presence of sunlight. 


This precipitate is not the same as the dichloramine-T 


thrown down in acid solution and pH falls to 5.6 from 


initial value of 7,7 over a year giving support to the 


I 
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contention of dietzel and taufei that the photochemical 

self oxidation decomposition product of acidic in natui'e. 

47 

According to Carlsen , the photochemical deterioration of 
chloramine-T solution is not detectable beyond 450 m>j. The 
hydrolysis of chloramine-T in water is often incompletely 
described so that chloraraine-T and hypochlorite solutions 
are regarded as completely similar in properties. It 
follows that chloramine-T may be substituted directly for 
hypochlorite, or for bromate in the presence of bromide, 
iodate in the presence of iodine monochloride or iodine in 
the presence of iodide. 

48 

It has been reported that chloramine-T hydrolysis in 
water according to the following equation. 

CH 5 C 6 R 4 SO 2 .N KaCl + HiG ^ CK 3 C/ H..SOi.NH 2 .+ + C10~ ..{1) 

The species in the right side of above equation (1} will 

ionise and except in alkaline medium, the hypochlorite ion 

will hydrolyse to hypochlorous acid which is assuHied to be 

oxidising species as described above. Most of the 

publications on chloramine-T deal with qualitative 

49 

properties and pharmaceutical use of the reagent and 
50-51 

its stability. However recent publications on 

chloramine-T have discussed mostly the kinetic behaviour of 

the reactions . In the present investigation an attempt has 

been made to reveal the kinetic observations on which basis 

the reaction routes have been proposed. 

The structure of chloramine-T is generally described as 

52-53 

(A) and occasionally as (B) 








In addition to above, other reactions would take place 
as given below : 

CH^QHhSOiN NaCl + HiO CH3C(;HviS0iNHCl + NaOH ..(2) 

2CH3C5Hv;SOiN NHCl 01130^ HqSOiNCl2_+CH3C£ HLjS02NH2_ ..(3) 

CH3C(: H^SOiNCl^ + NaOH CH H^S02,NHC1 + NaClO ..(4) 

CH3CfcH^SOiN• NHCl + NaOH NaClO + CH3C6HujS02NHx ..(5) 

hypochlorous acid is formed as a result of hydrolysis of 
sodium hypochlorite in an acidic or neutral media. 


NaClO + H2.0 


NaOH + HCIO 


some o 


f researches such as Bishop and Jennings 


Soper , dietzel et al and Morris et al have reported 
that quite different equilibria exist in the hydrolysis of 
chloramine -T Accordingly, Chloramine -T has been described 
as strong electrolyte which first dissociates. 

CH^CtH^SOiN • NaCl CH3C£H4S0xNCl + Na"*" ..(7) 

the anion thus formed takes up hydrogen ion to form the free 
acid which disproportionates to give p-toluene sulphonamide 
and sparingly soluble dichloramine-T. 

CHsCirHHSOiN HCl + H^ ^ CH3C£H^S0xNHCl -.(8) 

2CH5CdHuS0iNHCl ^ CHjC^ H■^S0x2NCll + CH^Cf H^SOiNH 2 ..{9} 

The dichloramine-T and free acid hydrolysis as 
CH^CtHMSOiNClx + HiO CH3C£H4S02NHC1 + HOCl ..(10) 


CH3C£H^SOiNHCl + HiO 


CH3CtHuS02NK£ + HOCl 


The hydrolysis constant for these two reactions (10) and 

-7 -8 

(11) are 8 x 10 and 4.88 x 10 . It appears that 

hydrolysis is therefore slight. Finally' the hypochlorous 

-8 

acid ionises (Ka = 3.30 x 10 ). the concentration of 
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various species present in 0.05 M chlorarnine-T solution 

over a range of pH value are given by Bishop and 

50 

Jennings , thus the nature of the main oxidising species 

48 

of chloramine-T depends upon the pH of solution 

The solutions of chloramine-T can be standardised easily 
by the addition of potassium iodide and starch and 
titrating the liberated iodide by standard sodium 
thiosulphate solutions. Chloramine-T has also been employed 
for the direct titration of sodium arsenite using potassium 
iodide and starch. 

in the estimation of halides, chloramine-T has also been 
used as a substitute for chlorine water. The redox 
potential of chloramine-T & p-toluene sulphcliloramide 
system was reported by Afanas'ev as 0.90 Volt in the 
neutral solution and 1.52 Volts in IN-HiSOtj. Murthy and Rao 
have reported that redox potential for this system varies 
frora 1.139 to 0.499 Volts for the variation of pH from 0.65 
to 1.20. Noll has used chloramine-T as substitute for 
iodine in analytical chemistry. 

56 

Mahadevappa and coworkers have estimated rongalibe 

57 

^ 58 

thioglycollic acid , cys tein , they have also estimated 

59,60 

unsatuiated aicohols such as allelic alcohols , crotyl 

61 62 

and cynnamyl alcohol by chloramine-T. 


alcohol 





1.3: KINETICS AND MECHANISM OF CHLQRAMINE-T OXIDATION 


Much work thus appears to have been done on exploring 
the importance of chloraminometric oxidation of a large 
number of compounds but literature on step by step 
oxidation with this oxidant under a variety of conditions 
is scanty. 

63 

Coul and coworkers for the first time studied the 

kinetics and mechanism of hydrogen peroxide by chloramine-T 

64 

in presence of hydrochloric acid. Logistic function was 

used far the determination of the reaction rates. The rate 

law showed a first order dependence to hydrogen pero.xides 

and chloramine-T and an inverse first-order in p- 

toluenesulphonamide concentration. They suggested a 

mechanism involving formation of chlorine as a result of 

interaction between chloramine-T and hydrochloric acid. 

65 

Kucsman and Coworkers studied the kinetics and 

mechanism of reaction of substituted methyl aryl sulphides 

and diaryl sulphides with chloramine-T and proposed the 

mechanism of sulphilimine synthesis. Further, Modena and 
66 

Coworkers obtained similar results for the oxidation of 

same thioanisoles . Kinetics and mechanism of oxidation of 

67 

glycerol by chloramine-T has been made by Weker and Valic 

in neutral and alkaline media. The rate of the reaction was 

found to be independent of glycerol concentration and the 

reaction was autocatalytic in nature. 

68 

Higuchi and Hussain have studied the kinetics of 
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chlorination o£ p-cresol by chloramine-T . 

The kinetics of chloraraine-T oxidation of secondary 

69 

alcohols has recently been studied . Mushran and Coworkers 

2770 

have recently reported oxidation of~*( amino acids . They 

28 

have also studied the kinetics of oxidation of EDTA by 

71 

chloramine-T Banerjee has studied the oxidation kinetics 

of primary alcohols-chloramine-T redox system in acidic 

72 

media. Recently Santappa and Coworkers have investigated 

decarboxylation chlorination of cinnamic and crotomic acids 

by chloramine-T in acidic buffered media. Radhakrishnamurti 
73 

and Sahu have studied the kinetics and mechanism of 
halogenation of benzaldehyde by chloramine-T in acidic 


media of pH 4.5 


Carboxylic acids are the products at PH 


4.5 in aqueous media where as iialogenated benzaldehydes are 


formed in aqueous acetic acid sodium acetate buffer medium. 
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PRESENT WORK 


In the present thesis, an attempt has been made to study 
the kinetics and mechanism of oxidation of cyclopentanol , 
cycloliexanol , and 2“‘methyl cyclohexanol by alkaline 


solution 

of 

chloramine-T in the 

presence 

of 

osmium 

tetroxide 

as 

homogeneous catalyst. 

The 

main 

aim 

of the 

present 

investigation is to explore 

the 

catalytic 

spec ies 


of osmium tetroxide in alkaline medium in chloramine-T”- 
cycloalcohols redox systems and to interpret its catalytic 
role in elucidation of reaction mechanism of the reactions 
undertaken here . 





1 









A P.UMMARY OF KINETIC RESU LTS 
BASTS OF PROPOSED MECHANISM 


derived on the 


The following kinetic observations have been recorded in 
osmium tetroxide catalysed oxidation of a few cycloalcohols 
by alkaline solution of chloramine-T. 

(i) Oxidation of cyclopentanol , cyclohexanol and 2-methyl 
cyclohexanol shows first order dependence on oxidant which 
is chloramine-T. 

(ii) First order dependence of all reactions on each of 

cvc loalcoliols was observed. 

(iii) First-order kinetics nith respect to sodiun. hydroxide 

was exhibited. 

(iv) All reactions showed first-order with respect to 
osmium tetroxide. 

(v) Negligible effect of change in ionic strength of 
reaction mixture on rate of oxidation of all cYcloalcoho.,s 
was observed. 

(vi) Zero effect of addition of p-toiuenesulphonamide (a 
reduction product of chloramine-T) on rate of reactions was 
observed. 

(vii) Marked effect of rise in temperature on reaction 
velocity was observed. 

On the basis of kinetic data, a suitable mechanism of 
proposed, which yielded the following rate law in agreement 
with kinetic observations.. 


-drCATl/dT = k [CAT] [OH ] [0s04] [S] 


.’here S = Cycioalcohols 

CAT = Chloramine-T & 


k = k2k^ki / k_;^ [Hji.0] 
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c d i uiTi salt 


tcl uenes ul phonamide , which i: 


T T: 1 ■■ ^ I ■ Cl s t o II ^ o ^ i. ci s n . I t" s f 1 u 1 1 C' r. 3 


/pl*» IT Me:— ' 


iiLion o: 


dissolving its E. Merck samp! 


water , and the resulting s ol ut i on 'was standardises 
standard solution of oxalic acid using phenolphthal si 

-i 


1-0'?^. solution of potassium iodide fE. Merck'' was nrepared 
■ using it in iodometric titration and 1% starch solution 


of A.R. (E. D.H.) grade was used as indicator, 




Sodium thiosulphate (hypo) solution was prepared by 
lissolving required amount of its sample (A.R. B.D.H. ) iT; 
listilled water. Its strength was determined by titrating 
it against standard solution of copper sulphate 
i odom.etrical 1 y . Two drops of chloroform was added in hype 
solution in order to keep it stable. 

j 

Aqueous solution of sodium perchlorate (A.R. P.iedel ; was 
prepared in double distilled water in order to use it in 
r.aintaining or vary'ing the ionic strengtl. of the 'edium. 
rhe sample of p-toluene sulphonamide (Imtch - light' 
(England) was dissolved in desired a m o u r. t i f i.i 1 e 
-i ^c* +■_ 2. 1 ] P d W 3 t- 0 . 


0 s o 1 ’ 1 1 " ? n "f 0 rn i urn t*. 0 1 r 0 x 1 d 0 ^ .7 o "h n s o n 3 n d ^ 

r*T g o p ^ 0 P o >- e b d i s o 1 V 1 f; c" h 0 s a. n‘i p ] ‘=:‘ i n p o't d, S S 1. u in 
ii vd d~ r-.f 3^rpngrh pr-d rhp ■=: n 1 t. “i n • • IvHH rra.dS. up 1^0 

100 rnl in order to keep its concentration at desir®'d evsl . 
TiUt-, 0 , trencth the alkali 'in the solution was and 

was taken into deration while fixing the ^*=^1 i on 

alkali in the reaction mixture. 


1,0 N sulphuric acid (x^.R.E.D.H.) was rrepared by 
diluting the original concentrated sulphuric acid with 


irpd '-"rd --TTsP of diF. tilled water. Th 


wr. ion .W'a:S 


3t7andaidised by titrating it against standard and snlutinn 




2.2 : ME THOD OF I NVESTIGATION 


followed f 


The following procedure wa 


inve 


rse of reaction 


e-T alkali and osmium tetroxide were al 


chi oram. 


r bath 


equilibrate for about half an ho 


e volume 


total initial ^’■olume of the reactio 


r e a c t i a s followed by e s t i r.i a t i n g the remaining 

con oei. r t i on of ohloramine-T i od omet r i ca 1 1 y 5 ml of 
aliquot of the reaction mixture was ta.ken out from the 
reaction bottle and was quickly transferred to a titrating 
f 1 a s li containing 5 ml of IN s v p h u r i c acid and 1 o % 
potassium iodide. The remaining amount of chloramine-T 
liberated an equivalent amount of iodine from the acidified 
potassium iodide and was titrated against a standard 
solution of sodium thio-sulphate with starch as indicator. 
The progress of the reaction was followed by estimating the 
unconsumed chi o ranvi n e - T i od ome t r i ca 1 1 y at different 
intervals of t ime , Kinet i cs thus followed produced 
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In order to determine the order v.'ith respect to 
reactive species, a set of e x p r i m e n t s with varying 
concentr ati ons of particular species is carried out as 
described above and data at different times are used to 
calculate the order. This way order of the reaction with 
all other reactants are determined by the formula described 
in the follov;ing chapters. 
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DEPENDENCE OF THE REACTIONS ON CHLORAMINE-T IN OXIDATION 
OF CYCLOALCOHOLS CATALYSED BY OSMIUM TETROXIDE IN ALKALINE 
MEDIA 

This chapter deals with the study of determination of 
order of the reactions with respect to oxidant i.e. 
chloramineT in oxidation of a few cycloalcohols such as 
cy c 1 opentano I , cy c i ohexanol and 2 methyl cyclohexanol in 

■5 

the presence of alkaline solution of osmium tetroxide. In 
order to investigate- the kinetics with respect to 
chloramine-T, a set of experiments with varying 
concentrations of chloramine-T but at fixed concentrations 
of all other reagents in oxidation of each cycloalcohols 
under isolation conditions were carried out and the results 
obtained were presented in the following tables. Tables 1- 
6, tables 7-12 and tables 13-18 record the kinetic 
observations obtained in oxidation ■> f eye 1 < 5 pentano 1 , 
cyclohexanol and 2- methyl cycl ohexanc ■ j respecti \’o !y . The 
value of kl i.e. first-order rate constant was calculated 

K x 

of by the formula kl = (-dc/dt)/[CAT] where [CAT] is the 
concentration of chloramine-T at which dc/dt was 

determined. The value of (-dc/dt) i.e. zero-order rate 
constant was determined from the plot of remaining 
concentration of chloramine-T and time. The value of [CAT] 
has been given in all tables cyp, cyh and 2-Mcyh have been 
used for cyclopentanol , cyclohexanol and 2- 

methylcyclohexanol , respectively in the following tables 
and elsewhere and CAT is used for chloramine-T. 



TABLE 3.1 


[NaOH] = 0.50 x 10 M.[Os04] ^ 1.20 x 10 M 


Volume of hypo [CAT] X 10 {-dc/dt)xI0 



TABLE 3.2 





* 3 

7 

T ime 

Volume of hypo 

[CAT] X 10 

( -dc/dt )xI0 
-1 -1 

(min) 

solution in ml 

M 

Ml S 

n 

5 . 00 



2 

k.C2 
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4.1^ 
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3 .1 S 



ry 

3 . 3C 
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2. Hi 
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o nn 



20 

1 . 5S 

O.SO 

3 , hi 

25 

1 .24 




A O O 



/, n 

A £, A 



k = 4.32 X 
1 

-4 -1 

10 sec 






Temperature 35 c 


Time 

(min) 

* 3 

Volume of hypo [CAT] x 10 

solution in ml M 

7 

(-dc/dt)xl0 
-1 -1 

Ml S 


r. 




f. 



. O 
o 

c 

. 52 


12 

r 

. 02 


1 6 

h . 

. 30 


20 


2 7 ’ 0 C 

o n 

25 




'T* O 

o 

, 30 


7 ^ 

1 

. Zh 


/ » 0 

t 

c n 

, K.i 


kl = 4.22 X 

10 

-1 

sec 




TABLE 3. It 


[OsO^f ] ■ 1 . 20 X 1 0 M 


[NaOH] - 0.50 x 10 


Time 

(min) 

* 3 

Volume of hypo [CAT] x 10 

solution in ml M 

7 

(-dc/dt)xl0 

-I -1 

Ml S 

C 

00 


5 

7.24 


10 

6.48 


15 

5.50 


20 

4.58 


25 

3.96 1.38 

5.52 

30 

3.12 


35 

. 2.96 


40 

2.04 


45 

1.12 


o 

o 

tl 

-4 -1 

X 10 sec 



X 







TABLE 3.5 


00 X !0 Ai,[cyp] 


( -dc/dt )x 1 0 


Volume of hypo 


solution in ml 


8 

. 92 

9 

. ?2 

1 

... 

rr 

f-j 

r 

r o 

c: 

, sc 

5 . 

, 1 1f 

i4 . 

5P 


. 90 

-4 

4.17 X 10 

se 






X 



TABLE 3.6 


(-dc/dt)xlO 


[CAT] X 10 


Volume of hypo 


solution in ml 












TABLE 3.8 


(-dc/dt)xIO 


[CAT] X 10 


Volume of hypo 


solution in ml 









TABLE 3.9 


(-dc/dt)xlO 


[CAT] X 10 


Volume of hypo 


solution in mi 





TADLR 3.10 


{-dc/dt)xl0 


[CAT] xlO 


Volume of hypo 


solution in mi 









TABLE 3.11 


Volume of hypo 


Time 


TABLE 3.12 



Time 

(min) 

Volume of hypo [CAT] x 10 

solution in ml M 

7 

(-dc/dt)xlO 
-1 -1 

Ml S 

0 

11.60 


5 

11.20 


10 

10.96 


20 

10.06 


30 

9.22 6.20 

9.20 

145 

7.26 


60 

6.16 


80 

5.06 


100 

3. 68 


130 

2.56 


160 

1 .6? 


kl = 2.19 X 

-6 -1 

10 sec 






TABLE 3.13 


C-dc/dt)xlO 


[CAT] X 10 


Volume of hypo 


solution in ml 







TABLE 3. I^f 


(-dc/dt)xlO 


[CAT] X 10 


Volume of hypo 


solution in ml 






TABLE 3.15 


( -dc/dt )xl 0 


Volume of hypo 


solution in ml 







TABLE 3.16 


Temperature 35 C 


[CAT] X 10 


Volume of hypo 







TABLE 3.17 


[CAT] X 10 


Volume of hypo 





TABLE 3.18 


[CAT] X 10 (-dc/dt)xlO 


Volume of hypo 


solution in mi 










TABLE 3.20 


NaOH] - 1.2 


[CAT] X 10^ 

M 

[CATf X 10 

M 

7 

(-dc/dt) X 10 
-1 -1 

Ml S 

U X t-O* 

-1 

sec 

O.HC 

0.70 

I .60 

2.28 

1.00 

0.80 

! .82 

2.27 

I .67 

1 .40 

3.22 

2.30 

o 

O 

1 .80 

4.00 

2.22 

3.00 

2.80 

6.20 

2.21 

U.50 

4.20 

9.20 

2.19 

Average kl = 

-4 -I 

2.24 X 10 sec 





TABLE 3.21 


Temperature 35 C 


3 

[CAT] X 10 

M 

* 3 

[CAT] X 10 

M 

7 

(-dc/dt) X 10 
-I -1 

Ml S 

4 

kl X 10 
-1 

sec 

0. SO 

0.70 

1 .2! 

1.73 

1 .00 

n.so 

! . 42 

! . 78 

I . r.o 


2. 68 

1 .78 

2.00 

’ .80 

3.22 

1 .78 

3.20 

3.00 

5.20 

1.73 

4.00 

3.60 

6.22 

1 .72 

Average LI = 

1.75 X 10 sec 

-1 





k,- 4.17x10 sec (1) 


2.27x10 sec (2) 


1.72x10 sec {3} 


[CAT] xIO M ^ 

FIG.3.1 : PLOT OF (-dc/dt) Vs. [CAT] AT 35 C 

1. Under the conditions of table 3.19 (cyp) 

2. Under the conditions of table 3.20 (cyh) 

3. Under the conditions of table 3.21 (2-MCYh) 
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DEPENDENCE OF REACTIONS ON CYCLOALCOHOLS IN THEIR OXIDATION 


BY CHLORAMINE-T CATALYSED BY ALKALINE SOLUTION OF OSMIUM 


TETROXIDE 


idencc of oxidation of c> c I oa 1 coho ! by 


dor to obtain the afore s«;aid aim a set of 


ocn performed. Her 


experiments have 
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yc 1 opentanol 


cyclohexanoj and 



Tabl e 4.1 


Temperature 35 C 


Time 


Volume 


1-80 X 10 M at which (-dc/dt) was determined 



Table ^.2 


Volume of hypo 


T ime 


[cat] =1.80 X 10 at which (-dc/dt) was determined 





Temperature 35 C 


T ime 


Volume of hypo 


1.80 X 10 M at which (-dc/dt) was determined 


DllilluMli 





fNaOH] - 0 


Temperature 


(-dc/dt) X 10 


Volume of hypo 


Time 


was determined 


[CAT] = 1.80 X 10 



Temperature 35 C 


Time 

(min) 

Volume of hypo 

solution in ml 

7 4 

(-dc/dt) X 10 kl X 10 

-1 -1 -I 

ml s sec 


10.00 


.■i ■■ 

Q t? O 





j.o. 

s r* 


U'5^' 

7.40 


20 

6 . 92 

18.92 ’ n 51 

25 

6 , 


30 

^ c:n 


itO 

5.02 


50 

k-' . ! 9 


60 

3 . *^2 


«■ 

-3 


[CAT] = 

1.80 X 10 M at which 

(-dc/dt) was determined. 



Tabl e 4.6 


10 M, [OsO^;] - 0.75 X 10 M 


Temperature 35 C 


i 

Time 

i , 

' 

(min) 

Hu 

Volume of hypo 

solution in ml 

7 if 

(-dc/dt) X 10 kl X 10 

-1 -1 -1 
ml s sec 

0 

10.20 


• : i 0 

0 . 0 ff 


! 1 ,“ 

9.72 


|!' 30 

! f 1 

9.38 


50 

S.90 

2.00 1 . n 

60 

S.US 


75 

o nn 


i 100 

6 . 2 


125 

5.68 


150 

i.20 


200 

3.52 


* 

[CAT] = 

_3 

1.80 X 10 M at which 

(-dc/dt) was determined. 



Table 4.7 


on 


(-dc/dt) X 10 


Volume of hypo 


solution in ml 


1.80 X 10 M at which (-dc/dt) was determined 





Table 4.8 



Temperature 35 C 


Time 

(min) 

Volume of hypo 

solution in ml 

7 4 

(-dc/dt) X 10 kl X 10 

-1 -1 -1 
ml s sec 

0 

1 Q 20 


*5 

9 , 



rt no 


1 ^t3 

S. 18 


' 30 

7.20 


fjC 

r, ^ n 

00 

0'2 


5.0'' 


SO 

k . 


so 

n in 

. .t z. 


ioo 

2 . or> 


* 

[CAT] 

4- 

-3 

- 1.80 X 10 M at which 

(-dc/dt) was determined. 



Table if. 9 


(-dc/dt) X 10 kl X 10 


Volume of hypo 


solution in ml 


1-80 X 10 M at which (-dc/dt) wa 


determined 







Volume of hypo 




Temperature 35 C 


Volume 


Time 



Tabl e U . 12 


Temperature 35 C 


Volume of hypo 


1.80 X 10 M at which (-dc/dt) was determined 



Time 


Volume of hypo 


was determined 


Table ».l4 


-3 

f'^AT] ^ 2. no x 10 M, [2 Mcyb] ' 2.00 x 10 M 
[NaOH] - 1-00 X 10 M, [OsOt»] - 0.80 x 10 M 


Temperature 35 C 


Volume of hypo (-dc/dt) x 10 

-1 -1 

solution in ml nil s 


kl X 10 
-1 

sec 


1 2 . 

11 2'f 

: 2. !.G 

9.1 ff 

8.02 1^.^52 3.12 

7g 

5 . 1^7 

If. 12 
2.9k 
I .98 

-3 ^ 

1.80 X 10 H at which (-dc/dt) was determined- 





Volume of hypo 
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Table ^.16 


10 k2=kl/[cyp] 


cyp] X 10 (-dc/dt) x 10 







Table k .\7 


[CAT] - 2.00 X 10 M, [NaOH] 


[CAT] 


[cyh] X 10 

(-dc/dt) X 10 

kl X 10 

10 k =kl/[cyh] 
2 

'll; 

-1 -1 

-1 

-1 -I 

M 

ml s 

sec 

m sec 








kj.* 2.00x10 M Isec (A) 
kj.» 2.34x10 M Isec (B) 
k*« I.eSxltf^M'lsec' (C) 


• [CycloalcohollxlO M ^ 

FIG.4.1 : PLOT OF krVs. [CYCLOALCOHOLS] AT 35 C 

(A) : Under the conditions of table 4.16 (cyp) 

(B) : Under the conditions of table 4.17 (cyh) 

(C) : Under the conditions of table 4.18 (2-MCYh) 
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ireful examination of d..la of r.un.nari',.d 

4.17 .and I,. I?, clearly indicates that fUd order rate 
constant i.o. V! incr..acos linearly with .10. ..it.c 
concentration of cycloalcohol, .showinr. thus first order 
dcpendenci on each of rtyc 1 on 1 coho I . Pract.s.alb .ntd 
const.ant valves of lt2 i.e. second order rate constant 
obtained .at different concentrations of each of 
cycloalcohol also confirm first-order kinetics with respect 
to red!' ■"in" eye ! on ! coho ) r. . 
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been -F-:’..;nd to he close'- to. average k2 valv^ given ;.n each 


S Usin';.-.',; 


f I. I 


closeness in 1.2 


I 


I- 


'i nec 


„^.,.,i - , 11 . and b” cal cv. at ion confirms first order in eacl 

O '*• jf-* * ■ ‘ J ■ * - 

of r r a g c y c 1 o e 1 c o h f - . 




:pendence of reactions on sopimi hydroxide in oxidation of 


CXOALCOHOLS BY CHLORAMINE-T CATALYSED BY ALKALINE SOLUTION OF 


OSMIUM TETRQXIDE 






5 : DEPENDENCE OF REACTIONS ON SODIUM HYDROXIDE IN OXIDATION QF 


CYCLOALCOHOLS BY CHLORAMINE-T CATALYSED BY ALKALINE 


SOLUTION OF OSMIUM TETROXIDE 


Chapter describes the rnr tliod 


determining order of the r<?actions vs i t h respect to 


hydrovide in osmium tetroxlde catalysed oxidation 


eye ioal coho 1 


Ch I orarni ne-T . In ordt 


above, aim 


were carried out in which 


concentrations of sodium hydroxide we 


varied at fixed 


concent ■ at i on 


of all other 


tion of each 


1 coho i 


recorded 


ehc xanol 


oxic 


opentano 


methy Icyc lohexanol respective! 


Here also ( dc/dt) and kl 


valvtt. li 


dc/dt) ho 


oncet» 


nated 



Table 5.1 


(-dc/dt) X 10 kl X 10 


Volume of hypo 


I T ime 


(min) 


solution in ml 





Temperature 


Volume of hypo 


kl / [NaOH] = 7.95 X 10 M 





Table 5.3 


00 X 10 M, fNaOH] 1.00 x 10 


(-dc/dt) X 10 kl X 10 


Volume of hypo 


solution in ml 


kl / [NaOH] = 8.00 x 10 







Table 5 ._4 


r r ■ A T ^ 


?.00 '• 10 M, ,[NaOH] == 1 . '50 v 
2.00 X 10 M, [OsO^j] 1.20 X 10 M 


o 

Temperature 35 C 


Volume of hypo ( dc/dt) x^lO kl x 10 

solution in ml s sec 


00 

8 82 

n> Of, 

f fO 




2"^ no 


1 2 7 <? 










Table 5.5 


(-dc/dt) X 10 


solution in ml 


. 










If) M, f0s04] -- 0.75 


Time 


Volume of hypo 


k2 - kl / [NaOH] = 1.84 x 10 H 1 





Temperature 


Volume of hypo 


kl / [NaOH] = 1.84 x 10 






ipsi 


Table 5.10 


0 M, [NaOH] ^ 2 


Temperature 35 C 


(-dc/dt) X 10 p kl X 10 


Volume of hypo 


Time 





TABLE 5.11 


Temperature 35 C 


Volume of hypo 


kl / [NaOH] = 1-56 X 10 M 1 sec 





TABLE 5.12 


Temperature 35 C 


Volume of hypo 


kl / [NaOH] = 1 .67 X 10 M 1 







TABLE 5.13 


2.00 V 10 M. fNaOH] 


{-dc/dt) l-X 10 kl X 10 


Volume of hypo 


solution in ml 





TABLE 5.\U 


Temperature 


Volume of hypo 



TABLE 5.15 


Temperature 35 C 


(-dc/dt) X 10 kl X 10 


Volume of hypo 


k2 = kl / [NaOH] = 1.70 X 10 M 1 



iwna r i 







TABLE 5.17 


10 k2 = kl/[NabH] 













[NaOHlxlO M > o 

; PLOT OF k Vs. [NaOH] AT 35 C 
Under the conditions of table 5.16 
Under the conditions of table 5.17 
Under the conditions of table 5.18 
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the reaction 


upper 
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CHAPTER VI 


lEPENDENCE OF THE REACTIONS ON OSMIUM TETROXIDE IN OXIDATION OF 


CYCLOALCOHOLS BY ALKALINE CHLORAMINE-T SOLUTION 


ilMMi 



6 ♦ DEPENDENCE OF REACTIONS ON OSMIUM TETROXIDE IN OXIDATION OF 

; CYCLOALCOHOLS BY ALKALINE CHLORAMINE-T SOLUTION 


In this chapter, an attempt has been made to investigate 
the dependence of oxidation-action of cycloalcohols by 
alkaline chloraminp-T solution on osmium tetroxide which 


has been used here as homogeneous catalyst. For this 
purpose a number of experiments with varying concentrations 


osmium tetroxide at fixed concentrations of all other 


^experiments have been given in tables 6. 1-6.5, 6.6-6.10 and 


in oxidation of cyclopentanol , cyclohexanol and 


described in previous chapters. In each experiment the 
* -3 

value of [CAT] has been kept 1.80 X 10 M at which 

(-dc/dt) has been determined. 






TABLE 6.2 


Volume of hypo 


Time 



TABLE 6.3 


Temperature 35 C 


(-dc/dt) X 10 


Volume of hypo 


solution in ml 








TABLE 6. It 


Temperature 35 C 


Time 

(min) 

Volume of h|j?po 

solution in ml 

7 

(-dc/dt) X 10 
-1 -1 

Ml sec 

h 

kl X 10 
~1 

sec 

A 

1 A An 



5 

9 




S , 



15. 

8 '''' 



An 

^ . ii ^ 



A r 

n o o 

' A A 


'An 

>r nr 



'1 n 

r r 'y 



5n 

1 .. n n 



f.C 

f: ^ 



■ ■ T r 

A in 



k2 = 3.33 X 

2 -1 -I 

10 M 1 sec 








TABLE_6^ 


Temperature 


Volume of hypo 



TABLE 6.7 


(-dc/dt) X 10 kl X 10 


Volume of hypo 


(min) 


solution in ml 


o f\ 

0 

. 62 

30 

nr 

S'* 


5 

. no 

50 


r A 



t A 

1 20 

’2 

. 10 



I CA 


2S 




2 - 3. IS > 

2 - 
I 10 M 

I 

1 sec 





TABLE 6.8 


(-dc/dt) X 10 l^lcl X 10 


Volume of hypo 


solution in ml 


n on 





TABLE_G_.9 


^ N. 


=1.15 


fry!*] 


V ^o-:OM I y 10 u 


O 


Temperature 35 C 


Volume of hypo 
solution in ml 


(-dc/dt) X 10 
-1 -1 
Ml sec 


kl X 10 
-1 

sec 


1 A 1 »• 


f. f; ^ 


ri n A 


*7 




^ ^ 0 
c r»n 

» w 


1 r nh 


<>^91 


■'> ^ 7 f. 


•'! c » 


f rn 


1 . 0 ? 



2.97 X 10 M 


1 sec 






T ABLE 6.1J ) 


Temperature 


(-dc/dt) X 10 


Volume o 






TAR LE 6.11 


(-dc/dt) X 10 


Volume of hypo 


solution in 


2 = kl / [0s04l = 1 


Si-v 


TAB LE 6.12 

— , 

-3 -'Z 

[CAT; = 2..00 Y ’0 M, [VaOH] tr I. DO X 10 W 
‘ : -0 -A 

[2 Mry’i] = ’.no M, rOsOf/’ '.20 '0 M 


o 

Temperature 35 C 

_ 

ime Volume of hypo (-dc/dt) X 10 kl X 10 

-1 -I 1 


min) 

1 solution in ml 

Ml sec 

sec 

0 

!2. 



5 




'1 #>. 

n . 20 



1 5 

1 0 . fj 0 



'1' c; 

o ri/: 

hi 

2-h5 

35 

■7 CO 



?; ^ 

G , 1-2 




f, O 



90 

.6 !f 



t oo 

il. \J 

2,52 



■2 = 

2 -1 -I 

2.04 X 10 M 1 sec 






TABLE 6.13 


Temperature 35 C 


Volume of hypo 






TABLE 6 . U 


f nn V 1 


M, fOsOf)] 


(-dc/dt) %a0 kl X 10 


Volume of hypo 


(rain) 


solution in ml 









TABLE 6.15 


2.nn Y !0 M, [■\'aOH] 


Temperature 35 C 


(-dc/dt) X 10 kl X 10 


Volume of hypo 


solution in ml 








TABLE 6.16 


[0s04] X 10 




TABLE 6.17 


NaO”] 


.Temperature 35 C 


[0s04] X 10 




TABLE 6.18 



6 

k 


2 jtfei 

[0s04] X 10 

kl X 10 

k2 

X 10 


-1 

-1 

- I 

M 

sec 

M 

1 sec 

''.tfO 


1 . 

05 

n on 

! .78 

7 

22 

1 .20 

0 

7 


f . ^^0 

7 to 

1 . 


7 oo 

ff 1 O 

7 , 



» ■“ • 


U j 

o trn 

r p 7 

2 . 

01 


2-1 -1 



A.^rerage k2 = 2.05 

X 10 M 1 sec 





sunmarised tables clearly indicates that kl values in 
oxidation of each cycloalcohols used here linearly 


osmium tetroxide, which shows that order of 


to osmium tetroxide 


First order dependence on osmium tetroxide is also eviaenx 
from near constant values of k2 reported in each summarised 


A plot of kl vs. [Os04] in oxidation of each 
cycloalcohol yields a straight line passing through origin 
(Fig- 6.1). The slope of the straight line in each case 
closely resembles with corresponding average k2 value given 
in the bottom of each summarised tables. This further, 


and confirms first order kinetics in 


tetroxide 







k^- 3.45x10 M Isec 
2 -V 

kj- 3.09x10 M Isec 


2.08x10 M Isec 


IOSO 4 IXIO M ^ 

FIG. 6.1 : PLOT OF k^ Vs. [OsOmI AT 35 C 

(A) : Under the conditions of table 6.16 (cy 

(B) : Under the conditions of Table 6.17 (cy 

(C) : Under the conditions of Table 6.18 (2- 



CHAPTER VII 


DEPENDENCE OF REACTIONS ON IONIC STRENGTH OF THE MEDIUM IN 


OXIDATION OF CYCLQALCOHOLS BY ALKALINE CHLORAMINE-T SOLUTION IN 


PRESENCE OF OSMIUM TETROXIDE 



DEPENDENCE OF REACTIONS ON IONIC STRENGTH OF THE MEDIUM IN 


OXIDATION OF CYCLOALCOHOLS BY ALKALINE CHLORAMINE-T SOLUTION IN 


PRESENCE OF OSMIUM TETROXIDE 


In order to investigate the effect of ionic strength of 


rate constant 


alkaline solution of chlorajaine-T in 


presence of 0s04, a number of experiments have been carried 


results of such experiments have been sunmarised in tables 


7.2 and 7.3 in oxidation of cyclopentanol 


observed that all the title reactions are not influenced 



TABLE 7 . 1 


2 


4 

[NaC104] X 10 

Ionic strength 

kl X 10 


2 

-I 


(u) X 10 

sec 

M 

M 




0.00 

0.50 

2.0! 


0.25 

0.75 

2.10 


0.50 

1 .00 

2.06 

li'l 1 ' " 

0.-^5 

1 .25 

2.02 

lifl : ■ 

If 1 ;• : : 

f n A 

i « \j 

! . 50 

9 AO 

1 :| 1 ;; : ; 

Iff ^ : ■' 

1 . 50 

2.00 

2.06 


2.00 

2.50 

2,. 02 


3.00 

3.50 

2.00 


if .00 

4.50 

2.00 


5.00 

5.50 

2.04 



TABLE 1.1 


Temp lure 


Ionic strength 


[NaClOij] X 10 




TABLE 7,3 


Temperature 


Ionic 


[NaCl04l X 10 



CHAPTER VIII 


DEPENDENCE OF OXIDATION OF CYCLOALCOHOLS BY CHLORAMINE-T 


KALINE OSMIUM TETROXIDE ON ADDED AMOUNT OF 


CATALYSED BY 






rATALYSEP BY ALKALINE OSMIUM TETROXIDE ON AECiED AMOUNT OF 


PAR A-TQLUENESULPHONAM 1 DE 


Para-tol uenesulphonamide is reduction product of 


chloramine-T in the present investigatioj\. Hence it was 


th<jj|ight worthwhile to study the effect of addition of para- 
toluenesu Iphonamide (PTS) on the rate constants of 
oxidation of cycloalcohols under conditions already 


employed in previous chapters. For this purpose a set 


amounts 


rimental conditions have 


toluenesu 


same 


been carried out and the results are given in 


8.2 and 8.3 in summarised form. It is observed that in 


loalcohols used here, there 


effect of addition of para- tol uenesu iphonamide 



TftRLE 8 J . 

_3 

fCAT] - 2.00 X 10 [<"yp] 

,r,04] - 1-20 '< “■ 


Temperature 35 C 


[PTS] X 10 



TABLE 8.2 

no X 10 M. iC'yhl - I -00 x 
I 75 X 10 y. [NaOn] ? ■ 00 
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: ftiS 
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■■ 




■ 




H 


■ -y p|.| AP rYCLOAjX QHQLS — BY — M£MJ^ 

aa^E,,aiffi.xuN-E^^ 

tfmperatu eE 


f ns have been studied at 35 C 
The title reac lo chapter an 


title reacxioii^ — 

"'' ! aetalis. Here In this chapter an 

"""" T a .aae to stud, these reactions at 30 , hO . 

.„ea,pt^has been 

f r Thf^ results^* 

and >.5 C. The 9 . 7-9. 9 m 


F c r' The^ resui tt> - . 

and ^5 C. 1“® j q 7-9.9 

Q t_q 3 9 . 4-9. 6 and 9.7 

recorded in tables - • ’ i and 2- 


recorded in tanres - and 2- 

QY C 1 ^ 

oxidation ._ . observed that under 


been observed that under 
methylcyclohexana an ^ increasing the 


.ethyicyclohexana ^^^„i„cnts on increasing the 

similar physical con i constant increases 


similar physical con^i^^^ 

temperature of ^ been determined b, 

markedly. Values of ( dc/dt) 

> _ _ 1 ? r* 


IIIU ' 

tbe same method as descrihed earlier 


' ;■ . '-■' ^ i - .• :/v M t“ 


„ : M ^ . I, i 4 ^ ^ ‘ 


! 


|if 

lii 

In 


I 




[NaOH] 


(-dc/dt) X 10 


Volume of Hypo 


Solution in 



Temperature 


(-dc/dt) X 10 


Volume o 




(-dc/dt) X 10 


Volume of Hypo 



Table 9.4 


Temperature 


Volume of Hypo 




Table 9.5 


10 M. [Cyh] = 1 .00 X 10 M 
-2 -G 

10 , f0s04] - 0.75 X 10 ! 


Temperature 40 C 


(-dc/dt) X 10 


Volume of Hypo 


Solution in ml 






Table 9.6 


Temperature 


(-dc/dt) X 10 


Volume of Hypo 





Temperature 


(-dc/dt) X 10 


Volume of Hypo 



Table 9.8 


10 M, [NaO!l] - 1.00 X 10 M 
~2 

V in M. roso^fl * 0.80 X 10 


(-dc/dt) X 10 


Volume of Hypo 



^0 M, [NaCfll 


Volume of Hypo 


Solution in 


rrATl 





tables 9. 7-9. 9 & 3.15 have 
, 9.11 and 9.12 respectively 



Table 9.10 



[CAT] 2.00 X 10 M, [Cyp] - 2.00 x 10 U 

- G ~2 

[OsO^f] - 1.20 X 10 M, [NaOfi] - 0.5 x 10 M 


Temperature 

o 

C 

U 

, kl X 10 

|#f _j 

sec 

30 

2. A? 

■7 r 

.y 

if .17 

(fO 

5.7^ 

tf-5 

S.5.A 







2.00 X 10 M, [Cyh] ' 
- G 

0.75 X !0 M, [NaOH] 






-3 -G 

fCATl -I- 6o y to M, [0s04] =0-So x TO M 


[2 Mcyhl -1*00 > to M, [NaOH] =1-oo x 


Temperature 





Ea - 15.57 Kcal/mole (cyp) 


Ea • 16.73 Kcal/mole (cyh) 


Ea « 18.34 Kcal/mole (2-Mcyh) 


31.5 32.5 33.5 

(1/T)x10'^ ^ 

FIG.9.1 : PLOT OF log k Vs. (1/T) 

Under the conditions of Table 9.10 (cyp) 
Under the conditions of Table 9.11 (cyh) 
Under the conditions of Table 9.12 (2-MCYh) 


~ IHo- 


ft' 



The kinetic results obtained in surtmar 


have been 


graphically represented (Fig. 9.1) by plotting a g.ap.. 
between log kl and (1/T). A straight line in each case with 
slope equal to (-Ea/2.303R) is obtained. Thus it is 
possible to calculate energy of activation (Ea) from the 
slope of straight line. The values of energy of activation 
i.e. -Ea in oxidation of cyclopentanol , cyclohex'anol and 
2 -methylcyclohexanol by alkaline solution of chloramine-T 
in presence of osmium tetroxide are 15.57, 16.73 and 18.34 


Kcal/mole respectively 





nferfISSTON Anjn rate law DERIVATION 

V S tildy ' ^ ' of a particular reaction through kinetic 

investigations' provides sufficient informations about th 
path* ways through which a reaction is expected to occur. 

f I I : 

The kinet ic* ' orders determined with respect to various 

•M . : r ■ : 

r'eattahtfe reveal the rate determining step and help in 


elucidating the ovelrall mechanism of the reactions, 

- The most important feature in deriving the rate law is 
the application of steady state treatment. Under this 
treatment, it is assumed that the formation and consumption 
of particular species are equal. Thus the study of the step 
by step oxidation in the above mentioned way gives results 
which could be interpreted to give a clear picture of the 


mechanismi Most of these factors have been taken into 


consideration to arrive at some interesting cone lUvS ion 


the mechanism of redox systems under investigation here in 




1 : Sm^MRY OF RESULTS OBTAINED IN OSMIUM TETROXTDE CATALYSED 


OXIDATION OF CYCLOALCOHOLS BY ALKALINE SOLUTION OF 


CHLORAMINE-T 


The kinetic observations made in the present thesi 


First order kinetics with respect to Chloramine-T in 


Oxidation of cycloalcohols was observed 


First order dependence on each of cycloalcohol 


was 


exhibi ted 


(iii) All oxidation processes followed first order kinetic 


with' respect to sodium hydroxide concentrations 


It has been observed that on increa 


concentration of osmium tetroxide the reaction 


constant increases linearly 


howing first-order dependence 


on osmium 


t rengtii 


i on 


medium on velocity constant was noticed 


(vi) Addition of para-toluenesu Iphonamide in the 
mixture did not influence the reaction rate con 
oxidation of cycloalcohols. 


t ion 


(vii) Marked effect of rise of temperature on rate constant 
was observed. 







TDF CATAl. YSF.n 


CYCLOPENTANOL . CYCLOHEXANOL AND 2 -METHYLCYCLOHEXANOL BY 


ALK.ALINE SOLUTION OF CHLORAMINErT 


10. 1 clearly shows that all processes of the title follow 


the reactions must follow the same mechanistic paths, which 


and [OsOif(OH)Q_] 


[0s04(0H)Hi0] 


of experimental observation 


[0s04(0H) (Hj^O) ] + OH [OsOi^ I 


dose not exist as OsOft even in traceable Jimount 


it can be safely assumed that [0s04(0H)2l 


Hence 


present ‘investigations 


Chloramine-T has been described to exist in alkaline 


RNNaCl + RNHCl + NaOH 


(CAT) 


(CAT) 



RNHCl ^ NaOH = RNH^ + Na ^ OCI 
Where R stands for CH-gC^Hi^SOj.— 


thr e 


Thus in alkaline media there 


RNllGl 


namely Chloramine-T (i.< 


CAT') and OCI of Chloramine T when CAI anti uv,i 
assumed as reactive species, the observed kinetics are 
explained . For example on assumln;. CAT as real oxidi 
species decreasing effect^OH" is required, contrary 
increasing effect of OH" ions. Similarly 


observed insignificant effect of para lo i u-m). pncc.,. . 
(PTS)is also not in conformity with the requirement of CIO 
supported to. be the real active species of chloramine T. 

Hence both these species CAT' and OCl" are ruled out for 
taking and assuming them to he real oxidizing ..pecies of 
Chloramine-T. Thus only choice left is to be assume CAT as 
such to be real oxiding species of Chloramine-T which is 
also kno»n “as sodiun. sail ot Nchloro-p- 

toluenesulphonamide. All kinetic reanlts are also explained 
f t c f nr M V on assuming CAT as real active oxidising 


of chloraimine-T 


Tire following reaction routes are suggested on the Dasi-* 
of real species of osmium tetroxide and Chloramine-Tin 
alkaline •media as stated above for the oxidation of 
cycloalcohols. Here^S'^ represents alcohol. 



[0t;04(0Il)2] 


[Oi.04(OH)(HLO)3 + OH 


X (Intermediate) 


+ Products 


OsOJ!f(OH)^ ] 


te of consumption 


of CAT may be given a 


d[CAT] 


k, [CAT][X] 


treatment to [X], we have 


b = k2_[C2.][S] - 


k^^tX] + k^IXlfCAT] = k.^[C2.US] 


[X] {k_2^ + kjtCAT]} = k2.[C2][S] 


KllCll [S] 


— ( 5 ) 



of osmium 


t0s04] 


[0s04] 


+ k3tCAT] 


or [0sO4] 


[0s04] [OH ] (Z) 


— (8) 


or [C2.] = — ~ _ 

[H2,0] (Z) + [OH ] (Z) + k2ki[S] [OH ] 

Where (Z) = + k 2 .[CAT]) 

On substituting the value of [C^.] from eqn. (8) in 
eqn. (5) , we have 

k 2 .K\ [0s043 [S] [OH ] (Z) 

T 

[X] = — 

(Z) { (Z) [Hj^O] + (Z)K^[OH ] + k2K.^[S][OH ]1 

kiKi [Os04] [S] [OH 3 

! -(9) 

or [X3 - _ 

I (Z) [Hi03 + Ki[ 0H”3(Z) + k^Kj [S3 [OH 3 

On comparing eqns.(9) and (4), we have 

-d[CAT3 kik3Ki [CAT3 [OS04] [S3 [OH 3 

—( 10 ) 

dt {z)([Hi03 + Ki[oh'" 3) + k2Ki[s3[OH 3 

on I assuming [H203 » Ki [ oh") , eqn. (10) may be written as 
eqn. (11) oii neglecting Ki [OH 3 

-d[CAT3 k^kjKi [CAT] [0S04] [S] [OH ] 

— ; ^ ( 11 ) 


dt 


(Z) [H^O] + k^^Ki [S] [OH 3 



can 


klkjKi [CAT][0sd4] [S][OH ] 


d[CAT] 


d[CAT3 


is slow, hence 


be assumed. Hence in 


d[CAT] k.^ 


[CAT][0s043[S][0H ] 




the first order kinetics in chloramine-T, osmium 


reducing cycloalcohols and hydroxide ions. It also 
negligible effect of para-toluenesulphonamide. 

Negligible effect ionic strength variation is a 
from the step (3) {which is rate determining step) 


which 


involves a neutral species 'CAT' supporting no 


ionic 


Thus all kinetic observations are well in agreement with 


which has been derived on tlu? basis of 


suggested steps (1-3). Hence reaction scheme for osmium 
tetroxide catalysed oxidation of cycloalcohols by alkaline 


ch 1 or ami ne—T appears to be valid and convinciri 
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